Cospeciation between host-parasite species is generally thought to result in mirror-image congruent phylogenies. Incongruence can be explained by mechanisms such as host switching, duplication, failure to speciate and sorting events. To investigate the level of association in the host-parasite relationship between Spinturnicid mites and their bat hosts, we constructed the phylogenetic tree of the genus Spinturnix (Acari, Mesostigmata) and compared it to the host phylogeny. We sequenced 938 bp of the mitochondrial 16S rDNA and Cytochrome Oxydase subunit I (COI) genes among eleven morphospecies of Spinturnix collected on 20 European Vespertilionid and Rhinolophid bat species. Phylogenetic reconstruction of hosts and parasites showed statistical evidence for cospeciation and suggested that their evolutionary history involved also failure to speciate events and host switches. The latter seem to be mainly promoted by similar roosting habits of the host. As currently understood, host associations of Spinturnicid mites likely results from a complex interaction between the phylogenetic history of the host and the behaviour and the ecology of both parasite and host.
Introduction
Speciation is an evolutionary process leading to the separation of a single species into two or more daughter species. For free-living organisms, speciation is the consequence of a number of extrinsic and intrinsic factors including interaction with complex ecosystem (Paterson and Banks, 2001) , while for many parasites, the environment is mainly restricted to the body of their hosts (Gandon and Van Zandt, 1998; Sheeler-Gordon and Owen, 1999) . Parasite speciation will thus largely depend on speciation events of its host, and the more host specific is a parasite, the more cospeciation events will occur (Nadler, 1995; Poulin et al., 2006) . Consequently, the reconstruction of the evolutionary history of a parasite involved the one of its host. This approach is known as cophylogeny (Paterson and Banks, 2001) .
Two main categories of events have been proposed to explain the current association between a parasite and its host (Brooks and McLennan, 1991) : association by descent, where the parasite is inherited from the parent to the infant within a lineage, and association by colonization, where the parasite switches from the ancestral host to a new, unrelated host species. The first category involves cospeciation/codivergence events (Ronquist, 2003) , where parasite speciates in response to the speciation of its host. This is similar to vicariant events in biogeography (Brooks and McLennan, 1991; Page and Charleston, 1998) , where an ancestral panmictic population becomes fragmented by a geographic barrier. This barrier limits gene flow between the daughter populations and may eventually lead to the formation of new species. The phylogenetic outcome of cospeciation events is the congruence between host tree and parasite tree (Hafner and Nadler, 1988; Hafner and Page, 1995) . Incongruencies between host and parasite phylogenies are interpreted in terms of parasite duplication (i.e. speciation in the parasite without host speciation), sorting (i.e. random extinctions) or failure of the parasite to speciate after speciation of the host Johnson et al., 2003; Page, 1994; Paterson and Banks, 2001) . In contrast, the second category of events, association by colonization, implies the horizontal transfer of the parasite from an ancestral host to a new host species. This process, also known as ''host switching", is similar to the colonization of a new habitat by free-living organisms. Host switches also result in incongruent host and parasite phylogenies (Brooks and McLennan, 1991) . Thus, the current pattern of association between host and parasite may result from a subtle combination of all these events.
The degree of association between hosts and parasites, and indirectly their degree of coevolution could depend on several nonexclusive factors, like ecological requirements of the host or the parasite, and on historical events Poulin et al., 2006; Vinarski et al., 2007) . Hosts represent heterogeneous environments (Gandon et al., 1996) as they vary in quality (Christe et al., 2003) , abundance and spatial distribution (Tripet et al., 2002) . In turn, parasites range from generalists to specialists according to the number of host species they infect (Combes, 1991) . Host specificity should evolved if it is more advantageous to live on a single host species rather than on several ones (Jaenike, 1990; McCoy et al., 2001 ). This parasite specialization should thus be favored with the increase of host abundance and predictability (Combes, 1997; Jaenike, 1990; McCoy et al., 2001; Thompson, 1994) . A recent study showed that the differences in regional abundances of the hosts (A. flavicollis and A. sylvaticus) could generate a regional co-differentiation pattern of the parasite (Heligmosomoides) (Nieberding et al., 2008) . Parasite intrinsic dispersal ability is another important factor involved in host specialization. Indeed, the number of host species a parasite could colonize is directly linked to its dispersal capacity (Gandon et al., 1996; Ward et al., 1998) , as far as benefits to disperse on new host species outweigh the costs (Dick and Patterson, 2007) . Finally, a mobile host species that avoids infested roosts represents another barrier to mite dispersal (Reckardt and Kerth, 2007) .
Cophylogenetic studies between small mammals and their parasites are still scant and led to contrasting conclusions. For example, Hafner and Nadler (1988) showed a high level of cospeciation between rodents (Geomyidae) and lice (Geomydoecus and Thomomydoecus), Nieberding et al. (2005 Nieberding et al. ( , 2004 Nieberding et al. ( , 2008 found a congruent pattern between field mouse (Apodemus sylvaticus) and one of its specific endoparasitic nematode (Heligmosomoides polygyrus) in southwestern Europe, whereas Krasnov and Shenbrot (2002) found that host switching better explains the coevolutionary history of jerboas (Dipodidae) and ectoparasitic fleas (Siphonaptera). The latter study suggests that host switching of fleas has been common on jerboas and that the distribution of fleas is mainly affected by the distribution and ecological characteristics of the host. It is thus important to account for ecological and geographical factors when drawing general patterns of cophylogenetic relationships between small mammals and their parasites. Here, we investigate a hostparasite system involving different species of bats and their mites (Acari, Spinturnicidae) to shed light on the evolution of their associations.
Parasitic mites of the family Spinturnicidae (Acari, Mesostigmata) are ectoparasites specialized on bats (Rudnick, 1960) . The last century, their taxonomy underwent many rearrangements and currently 13 Spinturnix species are recognized in Europe (Deunff, 1977; Deunff et al., 1986 Deunff et al., , 1997 Deunff et al., 1990; Deunff et al., 2004; Kolenati, 1856; Rudnick, 1960; Stanyukovich, 1997) . Spinturnix mites are obligate parasites completing their entire life cycle on membranous regions of their host's body (Rudnick, 1960) . In the Palaearctic region, they display different levels of host specificity, ranging from one to several host species (Baker and Craven, 2003; Christe et al., 2003; Deunff, 1977) . As mites cannot live away from their host for more than a few hours, mite transmission and dispersal strongly depend on host body contacts (Deunff, 1977; Giorgi et al., 2004) . Thus, they constitute an interesting model to study the joint impact of phylogeny and host environmental conditions on the distribution of a parasite on its host.
In this study, we investigated the relationships among Spinturnix mites using two mitochondrial DNA genes. We tested for mites and bats cospeciation using distance-based methods and compared phylogenies to detect which evolutionary events are involved in this association and to understand how they occurred.
Materials and methods

Sampling
Seventy-eight Spinturnix mites from 20 European bat species were sampled in Switzerland, France, Spain and Italy between years 2004 and 2006 (Fig. 1) . To minimize problems with host or parasite misidentification or with artificial cross-contamination of hosts, the following precautions where taken: Bat species were identified morphologically by specialists using conventional keys 
The roman numbers indicate which mite genetic clade was present on which bat species at which location. (Dietz et al., 2007; Schober and Grimberger, 1991) and in case of doubt, genetic analyses were performed. These bats include 18 species of the family Vespertilionidae and two Rhinolophidae (Table 1 ). All bats were kept in separated bags to avoid parasite cross-contamination. Mites were collected with soft forceps from the wing membranes of their hosts, preserved in 90% ethanol and stored at À20°C until use. Mite species were identified with a key of gamasid mites (Stanyukovich, 1997) and with papers of Deunff (1977) and Deunff et al. (2004) . We also took pictures from specimens, especially for mite species represented by only one individual, in case a re-examination was needed. Mites represent 11 different species of Spinturnix and one species of a closely related genus, Eyndhovenia (Table 1 ). The only two other known European spinturnicid species not sampled here are S. bakeri and S. nobleti, which are specific to Pipistrellus kuhlii and Hypsugo savii, respectively.
DNA extraction and amplification
Specimens were individually rehydrated during 2 h in 200 ll of sterile water before being crushed in liquid nitrogen. Total DNA was isolated from a single mite using a standard proteinase K, phenol chloroform method (Sambrook et al., 1989) . Amplification of the 16S rRNA gene (16S) was performed with the primer pair 16S+1/16SÀ1 described in Mangold et al. (1998) and Norris et al. (1996) . Amplification of the cytochrome oxydase subunit I (COI) gene was performed with the primer pair C1-J-2183 (Simon et al., 1994) and C1-J-2797mod (3 0 -GGA TAA TCT GAA TAA CGT CGA GG-5 0 , modified from Simon et al., 1994) for all mite species, except for S. helvetiae, S. acuminata, S. psi, and S. mystacina. For these four mite species, a new primer pair was specially designed: M1-J-2216 (5 0 -TGA AGT GTA TAT TTT AAT TTT ACC TGG-3 0 ) and SD-1 (5 0 -GGT ATT CCT CTT AGT CC-3 0 ). 
Mite phylogenetic analyses
Conspecific mites from one to nine distinct specimens for each host species were sequenced. Sequences of the mitochondrial COI and 16S genes were aligned and edited with Sequence Navigator (Parker, 1997) and deposited in GenBank under Accession Nos. EU784846-EU784953 (Table 1) . Due to the limitations of the Incongruence Length Difference (ILD) test (Struck et al., 2006; Wheeler et al., 2006; Yoder et al., 2001) , the congruence between the two markers was tested by performing 1000 bootstrap re-samples on each marker with a maximum parsimony (MP) criterion, and comparing the support level thus obtained for each node. The two DNA sequences were combined only if all supported nodes (defined here by bootstrap values >75%) were present in all two obtained trees (e.g. Barrett et al., 1991; Cunningham, 1997; Dubey et al., 2007; Halanych, 1998; Huelsenbeck et al., 1996; MasonGamer and Kellogg, 1996; Struck et al., 2006) . This congruence test showed that no node with bootstrap higher than 75% was contradicted by the two partition datasets (data not shown). We thus considered that both markers could be combined for further analyses.
Trees were rooted using homologous sequences of Varroa destructor (Acari, Varroidae), deposited in GenBank under Accession No. AJ493124 (Navajas et al., 2002) . V. destructor belongs to the same super family as Spinturnicidae (Dermanyssoidea) (Klompen et al., 2007) and is the closest species where 16S and COI sequences were available. The most appropriate model of DNA substitution was determined using MrModeltest 2.2 (Nylander, 2006 ) and a hierarchical likelihood ratio tests (hLRTs). This model was a GTR + I + G (Rodriguez et al., 1990; Yang, 1996) with base frequencies, A = 0.3587, C = 0.1254, G = 0.07737, T = 0.4423; gamma shape parameter, G = 0.4328; and proportion of invariable site, I = 0.4672. Four different methods of phylogenetic reconstructions were used to infer the evolution of mite lineages: a distance method (neighbour-joining tree (NJ) with GTR genetic distances), a parsimony method (maximum parsimony tree (MP) with heuristic searches, 10 random addition of taxa, and TBR branch swapping (Swofford, 1998) ; all codon positions were equally weighted), a maximum likelihood method (ML) and Bayesisan approach (BA). The first two methods were carried out with PAUPÃ version 4.0b10 (Swofford, 1998) , while ML searches were performed with PHYML (Guindon and Gascuel, 2003) with the parameters of the substitution model suggested by MrModeltest. Bootstrap support values were obtained with 1000 pseudo-replicates and 10,000 for ML analysis. Finally, the Bayesian analyses (BA) were performed with MrBayes version 3.1.2 (Huelsenbeck et al., 2001 ). A GTR model was used, with an among-site rate variation following a gamma distribution. The Markov chain was run for 10,000,000 generations and sampled once every 10,000 generations; burn-in was set to the first 250 trees, allowing a good convergence of the independent runs (the average standard deviation of split frequencies being lower than 0.01). Posterior probability values (PP) were calculated on the consensus of 750 trees. To ensure convergence in the BA, two independent runs were performed. Nucleotide diversity and mean pairwise K2P distances among and within clades were calculated using the software MEGA version 3.1 (Kumar et al., 2004) . To investigate the delimitation of the morphospecies, mean K2P distances were also performed between and within the 11 morphospecies.
Host phylogeny and cophylogenetic comparisons
Reconstructing the complete bat phylogeny, including such divergent families as Rhinolophidae or Vespertilionidae is notoriously difficult as it spans over an evolutionary period of more than 60 million years (Miller-Butterworth et al., 2007; Teeling et al., 2005) . On the other hand, several host bats included here are very closely related (e.g. various Myotis species), and thus no single gene or combination of genes could be used to resolve adequately the phylogeny of all bats in a single analysis. To overcome this problem, we therefore recovered from the literature the topology of various trees representing interfamilial (Hoofer and Van den Bussche, 2003; Miller-Butterworth et al., 2007) or intrageneric relationships (Juste et al., 2004; Ruedi and Mayer, 2001; Stadelmann et al., 2004) of the species sampled in our study to build a bat cladogram. However, we used 1140 bp of the mitochondrial cytochrome b gene available in GenBank to calculate pairwise divergences between bat species (Ibanez et al., 2006; Table 1 Morphological identification, of the mites sequenced and the host bat on which they were collected. The summer roost column refers to the kind of roost usually occupied. The geographic origin of the sampled animals (F = France; CH = Switzerland; E = Spain; I = Italy) with latitudinal/longitudinal coordinates and the designation of the different haplotypes with Accession Nos. of COI-16S sequences are also given. We tested the extent of a global hypothesis of coevolution between the mites and their hosts using ParaFit , which uses the phylogenetic distances of host and parasite phylogenies transformed into principle coordinates (Gower, 1966) . ParaFit can be used with trees presenting polytomies and is not affected by the presence of multiple parasites per host or multiple hosts per parasite. However, it does not yield any coevolutionary scenarios and does not identify cospeciation and host switching events on the phylogenies. We applied the model of sequence evolution selected by MrModeltest to calculate genetic distances between haplotypes for the mites (GTR + I + G) and for the bats (HKY + G) using PAUPÃ. We converted distance matrices into principal coordinates using the program DistPCoA (Legendre and Anderson, 1998) . Tests of random association in ParaFit were performed with 9999 permutations globally across both phylogenies .
To infer the direction of host switches, we used a maximum likelihood method implemented in MESQUITE version 1.05 (Maddison and Maddison, 2004) . We used the bayesian tree of the mite and assigned to each mite haplotype the host genus on which the mite was collected. This method identified for each node the probability of each state to be ancestral; in our case the character state is the host genus. For each node, we obtained the probability of each host genus, i.e. Myotis, Plecotus, Nyctalus, Eptesicus, Miniopterus, Rhinolophus and Barbastella, to be the ancestor. S. emarginata was the only mite species that was sampled on two different host genera (Myotis and Miniopterus), we therefore run two distinct analyses, one with each of the two possible hosts assigned to S. emarginata. The model of character evolution was a simple stochastic model (Mk1, Lewis, 2001 ), which assumes a symmetric and equal rate of change between any two states. The probability that a character changes along a branch of the tree is then a function of the branch length, a change being more likely on longer branches than on shorter ones.
Results
Mite phylogenetic analyses
Eleven distinct species of Spinturnix and one of Eyndhovenia were identified by their external morphology, each represented by one to 19 specimens. The host-parasite association observed, type of summer roost occupied by the bats, sampling locations and their respective latitudinal/longitudinal coordinates are described in Table 1 . Out of the 78 mites sequenced, 54 appeared to have distinct haplotypes (Table 1) . No insertion or deletion was observed in the alignment of COI sequences, whereas an insertion/deletion of 1 bp was introduced at position 213 to accommodate the alignment of 16S sequences of Eyndhovenia and Spinturnix. The final data set comprised 369 bp of 16S and 544 bp of COI. These 913 aligned nucleotides consisted in 377 variable sites, of which 248 were parsimony-informative. As the four phylogenetic methods gave identical topologies for the main branches, only the Bayesian tree illustrating the relationships between haplotypes was shown, with bootstrap values from the other analyses (Fig. 2) . Spinturnix and Eyndhovenia mites formed two distinct monophyletic clades. These genera were further subdivided in a total of 11 major clades, all highly supported by all methods (P99%). In contrast, the basal relationships of these 11 clades were not well supported (Fig. 2 ) and therefore will not be discussed.
The following list describes the detailed content of those clades. Clade I comprised a single divergent haplotype of Eyndhovenia euryalis that was found on a greater horseshoe bat (Rhinolophus ferrumequinum).
Clades II comprised all other haplotypes from E. euryalis that were sampled on two different host species, the Mediterranean horseshoe bats (R. euryale) and on Geoffroy's bats (Myotis emarginatus).
Clade III included the single haplotype of Spinturnix kolenati found on a serotine bat (Eptesicus serotinus).
Clade IV included the single haplotype of S. punctata found on three different barbastelles (Barbastella barbastellus).
Clade V included all haplotypes of S. psi found on both Schreiber's bats (Miniopterus schreibersii) and long-fingered bats (Myotis capaccinii).
Clade VI included all haplotypes of mites found on three species of noctule bats: S. helvetiae on Leisler's bats (Nyctalus leisleri) and S. acuminata on common noctules (N. noctula) and on a giant noctule (N. lasiopterus). Table 1 ). Roman numbers designate the 11 well-supported clades, with the species name of the bat host appearing on the right.
Varroa destructor
Clade VII included haplotypes of S. mystacina found on whiskered bats (M. mystacinus), on a Brandt's bat (M. brandtii) and on an Alcathoe's bat (M. alcathoe).
Clade VIII included all haplotypes of S. plecotina found on two Plecotus species, i.e. on brown long-eared bats (P. auritus) and on grey long-eared bats (P. austriacus).
Clade IX included a mixture of haplotypes of three distinct mite species: S. andegavinus, S. bechsteini and S. myoti found on Daubenton's bats (M. daubentonii), on Bechstein's bats (M. bechsteinii) and on Natterer's bats (M. nattereri), respectively.
Clade X included haplotypes of S. emarginata, found on a Geoffroy's bat (M. emarginatus) and a Schreiber's bat (Min. schreibersii).
Clade XI finally included haplotypes of S. myoti found on two sister species of bats, the greater mouse-eared bat (M. myotis) and the lesser mouse-eared bat (M. blythii). This strongly supported clade of Spinturnix did not include two S. myoti haplotypes hosted by Natterer's bats both of which were part of clade IX (see Fig. 2 ).
Mean K2P distances between clades ranged from 5.3% (IX and X, X and XI) to 19.3% (I and IV). Within clades, K2P distances ranged from 0.2% (VI, VIII) to 0.8% (IX), and nucleotide diversities ranged from 0.257 (VI) to 0.0092 (IX). When haplotypes were grouped according to the morphospecies, mean K2P distances between groups (0.1-17%) and within groups (0.2-2.5%) overlapped considerably.
Host and parasite cophylogeny
The analyzed mite species did not appear to be strictly hostspecific as eight out of the 11 species infected several different bat species (clades II, V, VI, VII, VIII, IX, X and XI). On the other hand, most bat species harboured a single mite species, with the exception of Min. schreibersii and M. emarginatus, which can host two distinct mite species (Fig. 2) . However, in both cases, bats were sampled in very distinct locations and never in sympatry (Table 1) .
The distance-based method, ParaFit, rejected the null hypothesis that mites and their host have evolved independently (p = 0.003), indicating that there is significant cophylogenetic history. Conspecific mites found on closely-related bats (clade VI, VII, VIII, IX and XI, Fig. 3 ) may be explained by failure to speciate events while conspecific mites found on unrelated hosts (clade II, V, VII, IX and X) may be explained by host switches. However, our analysis did not permit to detect other events like duplication or extinction that could also play a role in this system. The ancestral state reconstruction suggested that the polarity of three host switches between different host genera were in the following direction (1) E. euryalis was more likely to switch from R. euryale to M. emarginatus (ML support of 65.8% when Myotis is considered as host for S. emarginata and 67.3% with Miniopterus) than the opposite (33.4% and 32.1%); (2) S. psi was more likely to switch from Min. schreibersii to M. capaccinii (92.8% and 92.7%) than the opposite (6.9% and 7.2%); (3) S. emarginata was more likely to switch from M. emarginatus to Min. schreibersii (76.1% and 97.7%) than the opposite (9.2% and 0.4%).
Discussion
Mite molecular phylogeny and taxonomy
In this study, we reconstructed for the first time the phylogeny of European Spinturnicid mites based on molecular data. We found several inconsistencies with the current taxonomy based on morphological characters. Indeed, the considerable variability and overlap of K2P distances within and between morphospecies indicate that morphological delimitation between species is not satisfactory. For instance, the high genetic differentiation between the most divergent haplotypes of E. euryalis (K2P: 8.4%, clade I and II, Fig. 2 ) is of the same magnitude as the one between other Spinturnix morphospecies, which would suggest species status for both lineages. However, these mites were sampled both on distinct bat species (R. euryale and R. ferrumequinum) and distinct geographic locations (mainland France and Corsica). It would therefore be necessary to sample E. euryalis where its hosts live in sympatry to determine if mites from these lineages behave as different species, each specific to a different host, or if they colonise both hosts indiscriminately. Conversely, mites sampled on noctule bats (clade VI, Fig. 2 ) and assigned morphologically to S. helvetiae and S. acuminata, do not differ genetically (Fig. 2) . Deunff et al. (1986) described S. helvetiae as a new species specific to N. leisleri, and morphologically distinct from S. acuminata hosted by N. noctula. However, this taxonomic interpretation was challenged more recently by Uchikawa et al. (1994) , who relegated S. helvetiae to a subspecies of S. acuminata. This taxonomic treatment is more consistent with the current genetic results (Fig. 2) . Regarding S. bechsteini, Deunff et al. (2004) used biometrical and morphological criteria to discriminate it from S. myoti, and considered it as specific to the bat M. bechsteinii. Our genetic results indeed support the uniqueness of the haplotypes of Spinturnix mites found on the Bechstein's bats. However, their relationships relative to S. andegavinus and S. myoti are unclear (Fig. 2) . The two Spinturnix hosted by Natterer's bats and assigned morphologically to S. myoti (i.e. S. myoti 11 and S. myotis 12 in Fig. 2) were much more closely related to S. bechsteini than to other S. myoti found on the bats M. myotis and M. blythii (S. myoti 1-10 in Fig. 2 ). Both S. bechsteini and S. myoti hosted by Natterer's bats were nested within the strongly supported clade IX, which contained all haplotypes of S. andegavinus (Fig. 2) , i.e. those hosted by another bat species M. daubentonii. These results suggested that the S. myoti complex (i.e. including the Spinturnix of M. myotis, M. daubentonii, M. nattereri and M. capaccinii, sensu Rudnick, 1960) contained two biologically distinct species, one specific to M. myotis and M. blythii, and one to an unnamed taxon, specific to M. nattereri. This unnamed taxon might be conspecific with S. bechsteini, but appropriate morphometric comparisons are lacking. To further accommodate the phylogenetic results of Fig. 2 with the taxonomy, both S. bechsteini and the unnamed taxon might represent only subspecies of S. andegavinus hosted by Daubenton's bats. As all three bat species (M. daubentonii, M. bechsteinii and M. nattereri) are tree roosting bats that can be found in strict sympatry over wide areas in Europe (Dietz et al., 2007) , this taxonomic assignment of the mite would also be consistent with the ecology of their hosts. At least, our molecular results call for a morphological revision of these closely related Spinturnix species.
Host and parasite cophylogeny
The distance-based analysis revealed a significant coevolutionary relationship between this peculiar host-parasite association. The comparison of mite and bat phylogenies confirms the relatively high (but not strict) host specificity of Spinturnicidae in western Europe. We observe three levels of parasite-host associations:
(1) a mite species is associated with a single host species (e.g. S. punctata), or (2) with several congeneric species (e.g. S. plecotina); (3) a single mite species (e.g. S. psi) is associated with multiple hosts from distinct genera or even families (considering that Miniopterus bats have been recently elevated to a familial status, Miller-Butterworth et al., 2007) . High host specificity has also been reported in spinturnicid mites of the genus Periglischrus (Acari, Spinturnicidae), parasitizing bats of the family Phyllostomidae (Sheeler-Gordon and Owen, 1999), and in Strebilidae (Diptera, Streblidae), another obligate ectoparasite group of chiropterans (Dick, 2007) .
Our results show that strict cospeciation does not explain all the current distribution of Spinturnicid mites. Several evolutionary events are indeed necessary to reconcile host and parasite phylogenies, such as failure to speciate and host switch events. We found five potential failures to speciate events, where one parasite species parasitized closely related host species without showing marked genetic differentiation (clade VI, VII, VIII, IX and XI; Fig. 3 ). These results are in accordance with several studies highlighting that the ancestral host species speciates without parallel speciation of its parasite. In this case, the parasite is still capable of exploiting both daughter species, resulting in one parasite species occurring on two related host species (lice with penguins: Banks et al., 2006; Pilgrim and Palma, 1982 ; nematodes with shrews: Brant and Orti, 2003 ; lice with pigeons and doves: Johnson et al., 2003) . The greater and the lesser mouse-eared bats, M. myotis and M. blythii, are living in sympatry in some parts of Europe (Arlettaz et al., 1997) . Despite clear parasite preference for M. myotis within mixed species colonies, S. myoti occurred also at high prevalence on M. blythii (Christe et al., 2003; Christe et al., 2007) . The close physical association between host species in colonial roosts may permit to maintain gene flow between mites of these two host species. The absence of genetic differences in the parasites may also correspond to a very recent or to an incomplete host switching Ronquist, 2003) . However, Hugot et al. (2001) suggested that failure to speciate are more parsimonious than host switching events in case the same parasite species parasitizes closely related host species. Likewise, the hosts themselves may have speciated too recently for their parasites to develop measurable genetic differences at the two essayed mitochondrial genes.
Intimate associations often increase the likelihood of mirrorimage phylogenies. The more specialized a parasite is, the more cospeciation events should occur and the more a parasite should mirror its host phylogeny (Brooks and McLennan, 1991; Klassen, 1992; Mitter and Brooks, 1983) . Pocket gophers (Geomyidae) and lice (Trichodectidae) association is a good example of strict cospeciation (Hafner and Nadler, 1988; Hafner and Page, 1995; Hafner et al., 1994; Page and Hafner, 1996) . However, an increasing number of studies showed that mismatches between host and parasite or co-occurring species are common (viruses and primates: Charleston and Robertson, 2002; worms and goby: Huyse and Volckaert, 2005; lice and birds: Johnson et al., 2001; fig wasps and figs: Weiblen and Bush, 2002) . Strict cospeciation between host and parasite becomes even more unlikely when horizontal transmission occurs frequently. Indeed, several studies showed that host switching is an evolutionary event that can confound cospeciation pattern (Charleston and Robertson, 2002; Huyse and Volckaert, 2005; Weckstein, 2004) .
According to the host and parasite phylogenies (Fig. 3) , at least five host switch events were needed to reconcile the topologies. Three host switches involved a mite species parasitizing hosts from two different genera or even families of bats (clade II, V and X; Fig. 3 ). All three inferred host switches are incomplete or recent, as the mite populations on the two host species have not diverged genetically from each other. A common factor that might be involved in these host switches is the roosting habits of the bats, particularly during breeding when mite reproductive cycle follow the one of its host (Christe et al., 2000; Lourenco and Palmeirim, 2007; Lucan, 2006) . Mixed-species breeding colonies with high females' aggregation are frequent (Krapp, 2001 ) and represent a main opportunity for mites to switch from one host species to another. For example, R. euryale is commonly found to roost together with M. emarginatus, or M. capaccinii with Min. schreibersii (Brosset, 1966; Deunff, 1977) . Some host switches have even already been observed under natural conditions. Indeed E. euryalis is known to infest M. emarginatus in mixed swarm and S. psi was already found on M. capaccinii (Deunff, 1977; Deunff et al., 2004) . The observed host switches could be favoured by the absence of the native parasite species in the studied geographical range. However, in these three cases, the native mite species were present in the area (less than 300 km). Indeed, in Spain, S. emarginata infested Min. schreibersii, even if S. psi is distributed in south Portugal (Lourenco and Palmeirim, 2007) and northeast of Spain (Estradapena and Serracobo, 1991) . In France, M. emarginatus is infested by E. euryalis despite the occurrence of S. emarginata (Deunff 1977) and finally M. capaccinii is infested by S. psi despite the presence of S. myoti (Stanyukovich, 1997) . Nevertheless, sharing the same roost does not imply sharing the same parasite species. In France, we found within the same roost different bat species parasitized by different mite species (Fig. 1, locality 3) . Mite competition, dispersal, colonization ability and host roosting preferences could all be factors favouring one particular host switch. In addition, we found two bat species harbouring two different mite species depending on their co-roosting bat and on their geographical location (Fig. 1 , locality 2 and 3). However, we never found different mite species on the same host individual or among individuals of the same species within a colony. This may be due to competitive exclusion between parasite species.
The other two inferred host switch events on Fig. 3 are more difficult to interpret. M. brandtii is phylogenetically distantly related from M. mystacinus and M. alcathoe, and is the only European species that originated in the Nearctic region (Ruedi and Mayer, 2001 ). However, these three bat species are currently sympatric and share similar roosting ecologies (Dietz et al., 2007) , enabling horizontal transmission of parasites between species. The Natterer's bat is also a forest-dwelling species with similar roosting habits as those of the Bechstein's bat (Siemers and Swift, 2006) . Again, this ecological similarity may explain their closely related Spinturnix, while those two bats are not each other' closest relatives (Fig. 3) (Ruedi and Mayer, 2001) .
Some mite species seem to be restricted to closely related bat species, while others can parasitize phylogenetically unrelated bats. For instance, S. plecotina parasitized only two species of Plecotus, whereas S. psi and S. emarginata parasitize bats from different host genera, probably as a consequence of host switching. Such contrasts in host preference were already demonstrated experimentally with S. myoti and S. andegavinus. Using cross-infection experiments, Giorgi et al. (2004) showed that the mite S. myoti exhibited a clear preference for its native bat host, M. myotis, while S. andegavinus displayed no host choice and colonized indifferently M. myotis or M. daubentonii. Our results support these contrasted preferences for host specificity. Indeed, if we consider the Spinturnix hosted by Natterer's bats as a species distinct from S. myoti (see above), S. myoti is restricted to two sister host species, M. myotis and M. blythii (clade XI, Fig. 3 ), whereas species from the S. andegavinus group can apparently parasitize three unrelated species (clade IX, Fig. 3 ).
Conclusions
Our results on the Spinturnicid -bat system provide evidence for cospeciation but also for other processes which do not involve speciation of the parasite. Mite dispersal ability, adaptation to a new host species, competition with other mite species and host social and roosting behaviours may be important factors shaping the current pattern of association between mites and their hosts. In presence of multi-host parasites, our study shows the importance to cover the natural range of species to unravel the history of an association (Tripet et al., 2002) . One recent review reveals that Acari could be good candidates to study speciation events and host race formation, as they often intimately interacted with their hosts (Magalhaes et al., 2007) . Moreover, these phenomena might be likely to occur when hosts are long-lived. Bats are long-lived species and it would be interesting to focus, in the future, on multihost mites to identify potential host race formation.
